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1.0 PLAN OF APPROACH 

1.1 GENERAL 

In order to establish ALSS/MOLAB crew-station design criteria 

upon which preliminary designs can be based, a parametric analysis 

must be performed. This task is a study concerned with the loco- 

motion panel and controls, panel display requirements, crew tasks, 

knobs, switches, dials, digit control criteria, panel and control 

locations, etc. 

1.2 SCOPE 

The parametric analysis of the locomotion controls and displays 

will include the following: a functional description of the MOLAB 

locomotion mechanisms and techniques, an analysis of locomotion 

parameters to determine visual displays and hand and foot control 

requirements, and determination of the design criteria for visual 

displays and controls. A l s o ,  the human engineering requirements 

will be investigated to determine the type of controls. such as 

side-stick, foot, wheel, or a combination 06 these, which will be 

utilized. A study of the location, size, shape, type, and 

dimensions of switches buttons, knobs, etc., on ‘these controls 

will be conducted. 
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The anthropometric and human tolerances for flying personnel 

(astronauts) will be used as ground rules throughout this study. 

All information released by the ALSS Program Manager will be 

utilized as guidelines and restraints for this study. 
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2.0 MOLAB WHEEL DRIVE MECHANISMS AND TECHNIQUES 

0 ,  17 2.1 DESCRIPTION OF LOCOMOTION MECHANIS~ 

The following description of a MOLAB drive mechanism is conceptual 

in nature and is the result of preliminary studies of a MOLAB. 

2.1.1 WHEELS 

The MOLAB vehicle has four "metalastic" wheels, 60 inches in diameter 

and 12 t o  14 inches wide, providing an elongated footprint of ap- 

proximately 400 inches per wheel with a static deflection of 

5 inches. 

2 

2.1.2 POWER SUPPLY AND DRIVE UNIT 

The wheels are powered individually by an electric motor located 

inside the hub of each wheel. Each motor is a 28 volt M: motor 

and produces one HP at 3600 RPM with a resulting torque of 1 7  in-lbs 

to a 5 / 8  inch shaft. The torque is transmitted to the wheel through 

a harmonic drive' unif.. The harmonic drive unit and the wheel are 

connected electro-mechanically. 

gagement to provide a free-wheeling mode for each wheel. The 

harmonic drive unit, with a ratio of lt50 and an input of 3600 RPM, 

This allows an electric disen- 

allows vehicle speeds to 10 MPH on a hard level surface (KQ = 6 ,  

N = 1.25). 
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2.1.3 GENERATORS 

The e l e c t r i c  d r i v e  motors funct ion as  gene ra to r s  when ope ra t sd  

f o r  dynamic braking. 

2.1.4 RADIATOR 

Each wheel has a r a d i a t o r  t o  d i s s i p a t e  the heat  generated a t  the 

e l e c t r i c  motors during the d r i v i n g  and braking mode of ope ra t ion .  

2.1.5 BRAKES 

Mechanical f r i c t i o n  brakes and dynamic braking by the e l e c t r i c  

wheel dr ive motors a r e  both under considerat ion.  The dynamic 

braking method has an advantage i n  t h a t  the e l e c t r i c  wheel d r i v e  

motors funct ion as  generators  while being used f o r  dynamic braking. 

2.1.6 STEERING 

S tee r ing  con t ro l  i s  accomplished by the use of a r e l a t i v e l y  con- 

s t a n t  speed, high s t a r t i n g  torque motor l oca t ed  a t  each wheel. 

During turn c o r r e c t i o n ,  the s t e e r i n g  motor d r i v e s  the wheels t o  

a n u l l  p o s i t i o n ;  wheel p o s i t i o n  i s  ind ica t ed  on the c o n t r o l  panel.  

The s t e e r i n g  mechanism proposed f o r  t he  MOLAB w i l l  be a geometric 

type which w i l l  enable both two wheel and four  wheel s t e e r i n g  

with a m i n i m u m  tu rn  r a d i u s  of  approximately 21.5 f e e t .  Scuff 

s t e e r i n g  is under study a t  the p re sen t  t i m e .  
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2 .2  DESCRIPTION OF DRIVE TECHNIQUES (MANUAL ONLY) 

2.2.1 FORWARD, REVERSE, AND VELOCITY CONTROL 

This concept of locomotion control envisions that the selection 

of vehicle direction (forward, reverse, left, or right), the 

control of acceleration and constant velocity, and the normal 

braking, is controlled by a hand-operated multifunctional locomotion 

control lever. See Figure 1. 

Assuming that the first step of starting the MOLAB --- act iva t ing 
the fuel cells and checking out the electrd-cal. system instruments --- 
has been accomplished, the desired direction of vehicle movement 

(forward or reverse) is selected by movement of the locomotion 

control lever into the appropriate detent. The lever may be 

positioned at any location in the detent, from zero to full 

power, in a forward (10 MPH, maximum) or reverse (2 1/2 MPH 

maximum) direction. The detent i s  designed so that the power 

may be changed in definite increments of 10 percent (10 positions) 

in forward and 33 1/3 percent ( 3  positions) in reverse, if necessary. 

In the event that wheel revolutions become unequal, an individual 

vernier-type digital control i s  provided on the control panel t o  

allow an adjustment of power to the unsynchronized wheel. 

5 



2 . 2 . 2  DRIVE MODE SELECTION 

The operator has a choice of selecting a two-wheel drive, a four- 

wheel drive, or a completely free-wheeling mode. Wheel-drive 

selector switches are provided on the control panel. 

the switches cut off power to the wheel drive motors and cause 

a disengagement between the drive train and the wheel. 

if a malfunction occurs in a drive motor or a drive train, it 

may be isolated from the locomotion subsystem without causing a 

drag force on the wheel. 

If actuated, 

Therefore, 

2.2.3 BRAKTNG17 

Dynamic braking is controlled by the retardation of the locomotion 

control lever. 

to a zero (neutral) position, maximum normal dynamic braking is 

achieved. Emergency braking is achieved by the actuation of the 

emergency stop button or switch, which is located on or in close 

proximity to the locomotion lever. 

By returning the locomotion lever from a l'POWer on" 

2.2.4 STEERING (ACKERMA" --- TWO OR FOUR  WHEEL)^^ 

The direction of steering is controlled by tilting the upper part 

of the locomotion control lever in the desired direction of turn. 

After the desired angle of turn has been reached, the lever is 

allowed to return to a vertical position. To turn the wheels back 

6 



to a straight-ahead position, the lever is tilted in the opposite 

dlrection and the wheels stop automatically in the straight- 

ahead position. 

An instrtnaent is provided on the locomotion control panel to dis- 

play to the operator the number of degrees that each wheel has 

turned. If, due to a restriction or malfunctgon, a wheel has not 

turned to the proper angle, a vernier-type adjustment knob on the 

control panel provides a means for the operator to individually 

control the steering motors and have a realignment capability 

from within. 

2.2.5 STEERING BBDUNMNCX 

I f  a malfunction of the steering subsystem (motpr failuye, e&.) 

occurs, the vehicle still can be vurneq by the scuff nPethw$. 

Individual-power dn ar off switches , I .  for each wheelydrive p ~ f ~ r  

are provided,on the control panel,. 

the wheels on the inside of the dpsired tvm, and pntrolfi+q& 

the power to the outside wheels with the 1,octpatiop control leugr, 

turns may be negotiated. 

cuttine off the pawer e. 
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3.0 AWLYWTION OF LOCCMOTION PARAMETERS ?OR 

VISUAL DISPLAYS AND HAND AND FOOT CONTROL 

1. (a) Tu0 meel (a) Selector (a) Hand (a) Label 
AC~NIM Start! , Switch 2 position, 

(a) 1 

8 

-- I 
i 

! 
I Utilize ?tee- 2. Dw~elbcl, Scuff 

8teeriu I Wher1,Suitcher W a d  -- 
i I 
I Band Coaporite Dirplay I 1 
1 to Indicate I 

3. DSrrctional 1 Uhrrl, Stick, 
I i I (Derired Compared I 

-le Turned 

to Actual) for 
Bath Wheel 

Control I l r c h a i r  Knob 
I 

i 
I 
I 

I 1 
i. Wheel R r a l i ~ a t  , abtiry Switch , Hand' I 2  I 

S. V h d  R m l i m m a t  I Pwer 
k l e c t o t  i Svttch 

, (Redundant) 
I 

I 

, 

Labc 1 
2 Porition, 
Front-Rear 

i 1  
I 
I 

I 

7 i ?lashin6 Lishf f 4 
! I 

I 
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3.2 DRIVE AND BRAKING 

FUNCTIONAL 
R E Q U S ~ N T  

1. Speed Control 
Me c hani em 

and 

2. Direction 
Selector (Forward 
and Reverse) 

3. Emergency Stop 

4. Wheel or Drive 
Motor Conditions 

(a) RpM 

(b) Temp. 

(c) Amperage 

(d) Warning System 
(Integral with 
Above . 
Parameters) 

:ONTROLLER 

Stick 

Stick 

Pushbutton 

5. Power-Off Switch 
for Individual Drivl 
Motors in Event of 
Failure or Overtemp 
Condition 

6. Switch to Allow 
Selection of: 
(a) Front Wheel 

Drive 
(b) Rear Wheel 

Drive 
(c) Both 

Switch 

Switch 

OPERATOR 
HAND OB FOOT 

Hand 

Hand 

Hand 

Hand 

Hand 

VISUAL DISPLAY 

Labeled and 
Detented Power 
Selector 

Label and Detents 
for Direction 
Selection 

Labe 1 

Mechanical 
Indicators (Dials 
Bars ...) 
Qualitative 
Readouts €or Each 

Flashing Light 

Labe 1 
2 Position, 
Drive - Freewheel 

Labe 1 
2 'Posit ion, 
Front-Both-Rear 
Drive 
Front-Freewheel 
Rear-Freewheel 

QUANTITY 

1 

1 

1 

4 

2 
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3 . 3  TIME AND DISTANCE MEASUREMENT 

CONTROLLER 
FUNCTIONAL 
REQUIREMENTS 

1. Time Indication 
(a)  24 Hour Clock 

HAND OR FOOT 

(b) Total 
Elapsed Time 

2. Distance 
Trave led 
Indica tor 

3. Range Warning 
System-Integral 
with Distance 
Measuring 
Equipment 

(a) Calibration 
Knob 

(a) Hand 

(b) --I- I (b) ---- 

I 

10 

VISUAL DISPLAY 

(a) Digital 
Indica tor 

(b) Digital 
Indica tor 

Digital 
Indicator 

Flashing 
Light 

QUANT. I TY 

1 

1 



4.0 FUNCTIONAL DESCRIPTION OF DLSPLAYS AND CONTROLS 

4.1 MULTI-PWCTZONAL LOCOMOIi3N CONTROL LEVER 

A method of control i s  requirsd f o r  the following locomotion 

parameters: 

a) Power 

b) Brakes 

c) Fore-aft direction 

d )  Steering 

The above parameters are conLrolled electrically rather than 

mechanically; consequently, the forces required to actuate the 

controller may be very small. By the use 0f.a multi-functional 

control lever, the control of the locomotion parameters is de- 

termined by the position of a single controller rather than the 

coordinated positions of t w o  (or more) separate controllers 

which must be coordinated t o  varying degrees. This allows the 

operator full control of t h c  paraneters with a minimum amount 

of physical effort and actGaclon time. Furthermore, the sense 

of the system is completelv ?d:ural and instinctive as well a; 

compatible with aircrafr-typ5 c-~vtrols. 8 ,  19 

The method of operation i s  j=sc-ibed in Section 2.2. 



4.2 WHEEL REVOLUTION INDICATOR 

Each wheel-drive motor requires one RPM visual display to reflect 

or assist in the detection of unsynchronized wheel speed due to 

the following situations: 

a) A loss of traction 

b) Unequal power distribution to the wheel-drive motors 

c) Mechanical or electrical malfunction 

d )  Excessive temperature 

If a RPM display should indicate an abnormal reading, a comparison 

with the amperage indicator and with the temperature indicator 

for the same wheel-drive motor will provide data which will assist 

the operator in evaluating the malfunction. 

4 . 3  WHEEL-DRIVE MOTOR TEMPERATURE LNDICATOR 

Each wheel-drive motor requires one temperature visual display 

to reflect or assist in the detection of the following situations: 

a) High temperature caused by over-exposure to solar radiation 

b) Bearing or other mechanical failure 

c) Short circuit 

d) Wheel restraint due to surface conditions 

12 



Should an abnormal indication caused by one of the above listed 

situations occur, the temperature display indicator compared 

primarily with the amperage indication and secondarily with the 

RPM indication for the same wheel-drive motor will provide data 

which will assist the operator in evaluating the malfunction. 

4.4 WHEEL DRIVE MOTOR AMPERAGE INDICATOR 

Each wheel-drive motor requires one amperage visual display to 

reflect or assist in the detection of the following situations: 

a) Equal or unequal power distribution to the wheel-drive motors 

b) Short circuit 

c) Mechanical malfunction (increased friction) 

d) Excessive temperature 

e )  Inoperable drive motor 

Unequal power distribution is a prime concern in the conversion 

of power. Unequal power distribution to the drive motors would 

waste electrical energy through unbalanced driving and also 

would cause wheel scuffing. 

If an amperage display should indicate an abnormal reading- immediate 

comparison of the RPM and the temperature indications for the same 

wheel-drive motors will provide data which will assist the operator 

in evaluating the malfunction. 

13 



4.5 DRIVE MOTOR WARNING SYSTEM 

A drive motor warning system visual display is required in the 

event that the maximum limitation of the following wheel-drive 

motor parameters are exceeded: 

a) RPM 

b) Amperage 

c) Temperature 

The warning system visual display should provide one indicator, integral 

with the above parameters, for each wheel. The actuation of a 

warning device would immediately alert the Qperatoy, indicatiqg 

which drive motor had a limitation excess. The visual displays 

for the above parameters are coded to indicate safe and unsafe 

operating ranges; therefore, one or more visual displays indicating 

"unsafe" will be immediately noticed by the operator, giving 

indication of the nature of the malfunction. 

4 . 6  INDIVIDUAL WHEEL POWER CONTROL SWITCH 

A control switch for each wheel is needed in order to simultaneously 

perform the following functions: 

a) 

b) 

Stop the electrical energy flow to the drive motor 

Cause dn electro-mechanical disengagement between the wheel 

atld the drive train 



This control switch would be required to break the electrical 

circuit to the drive motor and electro-mechanical clutch if the 

following situations occurred: 

a) 

b) Mechanical failure of wheel-drive component 

c) Electrical failure in the wheel-drive circuit 

d) Failure of Ackermann steering system - -  the control switch 

High temperature condition at wheel-drive motor 

would facilitate scuff steering 

These manual override control switches would provide a redundancy, 

assuming the electrical system has circuit breakers for use in the 

event of excessive amperage at a particular wheel-drive motor. 

Should the operator be alerted by the locomotion control panel 

visual displays that a malfunction has occurred at a wheel-drive 

motor location, and if the circuit breaker should fail, the switch23 

would provide a redundant control. Also, they would provide 

a redundancy in the steering subsystem by allowing scuff steering 

in the event of a failure in the normal system. 

4.7 VERNIER POWER ADJUSTMENT 

Wheel RPM equalization is important for maximum power utilization 

in normal, straight-line locomotion. The factors which will 

cause variance in the individual wheel RPM are: 

15 



b) Friction inherent in the drive mechanism 

c )  Temperature of the drive motor’ 

a) Coefficient of friction between wheel and lunar 

d rot 

d )  Unequal power distribution 

Each wheel-drive motor requires on handtoperat 

surface 

rY type 

switch to provide a means of making a small range of power increases 

or decreases independent of the primary power control devices. 

In the event that wheel speed becomes unsynchronized and an ad- 

justment i s  necessary, it,would normally be accomplished while the 

MOLAB is in rnotiori over’a relatively smooth, compact lunar surface. 

4.8 DRIVE MODE SELECTOR 

Two hand-operated selector switches are required to provide the 

operator a choice of having drive power at: 

a) Two Gheels 

b) Four wheels 

c) No wheels (complete free-wheeling) 

These switches serve essentially the same function as the hdividual 

wheel power control switches; however, the operator would use them 

for entirely different functions. 

by one switch; the two rear wheels are actuated by a second switch. 

Therefore, two switches are provided on the locomotion control 

panel so that the operator may choose two-wheel drive, front or 

The two ftont wheels are actuated 

rear; four wheel drive; or complete free-wheeling (coasting requires 

no power consumption). 

16 



The two groups of con t ro l s ,  the ind iv idua l  wheel power c o n t r o l l e r s ' a n d  

the  d r i v e  mode s e l e c t o r s ,  would provide some redundant c o n t r o l .  

4.9 DISTANCE TRAVELED INDICATOR 

A distance-measuring. v i s u a l  display i s  required t o  serve the  following 

func t ions :  

a) 

b) 

c)  For use i n  a s s o c i a t i o n  with s c i e n t i f i c  da ta  recording 

For use i n  the  c a l c u l a t i o n  of average speeds 

For use as a s a f e t y  device 

The f i r s t  and second func t ions  l i s t e d  above a r e  concerned wi th  

locomotion. The MOLAB has a spec i f i c  range of t r a v e l  which i s  

l i m i t e d  by the amount of e l e c t r i c a J  )power a v a i l a b l e  f o r  locomotion, 

b r e a t k i n g  dxygea, and o t h e r  fac tors .  Knowledge d f  dis tance  

t r a v e l e d  as a(.fun'ction of time i s  e l s e t i t i a l  tQ navigat ion and 

sa fe ty .  

4.10 RANGE WARNING SYSTEM 

A range warning system v i s u a l  display i s  required as a s a f e t y  

device t o  a l e r t  the ope ra to r  t o  the f a c t  t h a t  a s p e c i f i c ,  p r e - s e t  

dis tance- t ra i refed? l i m i t a t i o n  has been.reached. 

would be i n t e g r a l  with the dis tance measuring equipment of the 

locomotion system. 

This  warning system 

17 



4.11 TIME INDICATOR 

A v i s u a l  d i s p l a y  of t o t a l  e lapsed time and a l s o  a b a s i c  clock i s  

r equ i r ed  f o r  t he  following reasons:  

a)  Schedule maintenance 

b )  Provide d a t a  f o r  time and d i s t a n c e  c a l c u l a t i o n s  

c)  Safety 

e )  Other reasons un re l a t ed  t o  locomotion 

A s  appl icable  t o  the  locomotion system, t i m e  i n d i c a t o r s  w i l l  be 

used i n  support of o t h e r  i n d i c a t o r s  f o r  ra te  c a l c u l a t i o n s  such 

as flow rate ,  d i s t a n c e  t r ave led  per  u n i t  of  time, e t c .  

4.12 EMERGENCY STOP CONTROL 

An emergency s top  con t ro l  i s  required t o  a c t u a t e  the  emergency 

braking system which i s  sepa ra t e  from the normal braking.system. 

It w i l l  have only two p o s i t i o n s ,  o f f  and f u l l  s top ,  and w i l l  be 

used f o r  t h e  following reasons: 

a )  To provide stopping i n  a s h o r t e r  d i s t a n c e  than is poss ib l e  

with the normal braking system 

b )  Fa i lu re  of normal braking system 

c) To hold the veh ic l e  a t  a f u l l  s top  p o s i t i o n  f o r  prolonged 

periods of t i m e  



4.13 STEERING ANGLE INDICATOR 

, -  

A steering angle visual display, to indicate wheel alignment or 

misalignment, is required for each wheel. Wheel mi.salignment 

could occur for the following reasons: 

a) Steering motor malfunction 

bj! One wheel restrained by the lunar-surface while the other 

wheels turn 

c) Striking an obstacle during the driving mode 

Driving or turning with a wheel out of alignment, depending on 

the degree of misalignment, could prevent mobility completely 

or at best cause an uneconomical use of power. Realignment. 

could be made from the locomotion control panel by using the 

alignment control. 

4.14 WHEEL ALIGNMENT CONTROL 

A wheel alignment controller is required to provide the operator 

with a wheel realignment capability from within. 

allows the operator to actuate each steering motor individually. 

This controller 

By visually monitoring the steering angle indicator and actuating 

this control, wheel realignment can be achieved. 

19 



4 .15  STEERING MOTOR WARNING SYSTEM 

A steering motor warning system visual display is required to 

alert the operator to the following: 

a) Steering motor overloading 

b) Steering motor circuit failure 

One warning light for each wheel is utilized. In the event that 

the operator is alerted by a warning light during steering motor 

actuation, the locomotion control lever is returned to vertical 

(steering power off) position. 

angle display and the warning lights during conditions of ".Lpower 

on'' and "power off" to the steering motors will enable the operator 

to evaluate the malfunction. 

Indicatons provided by the steering 

20 



5 .0  DESIGN CRITERIA FOR LOCOMOTION VISUAL DISPLAYS 

AND HAND CONTROLS 

5.1 VISUAL DISPLAYS 

1 5.1.1 GENEBAL 

The fol lowing general  c r i t e r i a  s h a l l  apply t o  a l l  v i s u a l  d i sp l ays :  

a)  It can be read quickly i n  the  manner des i r ed  ( f e e . ,  q u a n t i t a t i v e ,  

q u a l i t a t i v e ,  and check). 

b)  It can be read accu ra t e ly  a s  demanded by the  o p e r a t o r ' s  

needs, and p re fe rab ly  no more accu ra t e ly .  

I -  

C )  It is  f r e e  of f e a t u r e s  which produce ambiguity o r  i n v i t e  g ross  

reading  e r r o r s .  

d )  The information is  provided i n  the  most immediately meaning- 

f u l  form, not  r equ i r ing  mental t r a n s l a t i o n  i n t o  o the r  u n i t s .  

e )  Changes i n  ind ica t ion  are easy t o  d e t e c t .  

f )  The i n d i c a t o r  i s  e a s i l y  i d e n t i f i e d  and d i s t ingu i shed  from 

o t h e r  instruments .  

g )  It t e l l s  the  opera tor  which c o n t r o l s  t o  use i n  changing i t s  

reading.  



h) It tells the operator in which direction to operate the controls. 

i) The information i s  current, i.e., lag is minimized. 

j) If inoperativg, the instrument cannot be read or the operator 

is properly warned. 

5.1.2 WHEEL-DRIVE MOTOR DISPLAYS 

The wheel-drive motor visual displays are required to provide 

qualitative readouts as they will maintain stable values for given 

operating conditions and would be read comparatively? Readouts 

will be of special interest when they deviate from desired values. 

The primary wheel-drive motor visual displays are: 

a) Wheel revo1ution:Indiaators 

b) Wheel-drive motor amperage indicator 

c) Wheel-drive motor temperature indicator 

One display is required for each of the four wheel-drive motors. 

These displays have the following criteria: 

2,19 b) One r.etvalslti.~n indicator 

C) Fixed. scale having a minimum diameter of 1 3/4'.iqches 5,4, 

unleqs ,specific rescrictions ,;pre, imppsed.. . Piameger may 

incrqam,, dependdng upon control panel and operato,r viewing 

diqtance,a.. 
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I ,  2 
d) Viewing distance of 28 inches is o p t i m u !  

e) Moving pointer which moves clrJckwise to indicate an increase 

in magnitude of reading. A straight. simple pointer of 

3/32 inches width for scale of 1 3 / 4  inches diameter shall 

be used. The tip width shall be the samo as the smallest 

scale division index with the tip angle 2OV or less. The 

5 

pointer shall be the same color as the indices. The pointer 

shall be as close as possible to the index: but not covering 

any point. 3, 19 

f) Zero or starting position on the scale t o  be at the nine 

2 o'clock position. 

g) Scale graduation dimensions are a function of ths illumination 

level for the indicators and also of the scale range. Scale 

marks of 1/64 inch width and graduation intervals of 7/64 

inch as measured from graduation mark midpoints are under 

the lowest levels of illumination. 4 

2, 4 h) Minimum brightness level is 0.01 foot lamberts. 

i) Indicators to have a coded dial with a warning window to 
lo., 19 be exposed during limitation excess. 

j )  Colors to be used for these indicators are dependent upon 

the type of interior and night lighting used. 

color coding will generally apply except under conditions 

The following 

where color coding is important under night lighting from 

a colored light source. 4 ,  10 
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Color Condition 

Red . . . . . . . . . . . . . .  Danger 
Yellow . . . . . . . . . . . .  Caution 
Green . . . . . . . . . . . .  Desirable 
Blue . . . . . . . . . . . . .  Desirable 

Under night lighting conditions where display of various operating 

conditions must be coded, the use of shape coding shall be used. 

a 5.1.3 WARNING SYSTEM DISPLAYS 

The warning system shall have lights as indicators. Following are 

the systems and the number of lights required by each: 

a) 

b) 

c) 

Drive motor warning system - 4 
Steering motor warning system - 4 

Range warning system - 1 

19 'She following criteria shall apply to the warning lights: 

a) Color - red 
b) Intermittent light, rather than steady, at a rate of four 

flashes per second with equal time for the light and dark 

in t e rva 1 s 

c) Minimum diameter of '1/2 inch 

d) Brightness shall be at least as bright a s  the brightest source 

on the panel and several times as bright as the background 

against which they appear. 
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e )  TWO b r igh tnesses  s h a l l  be used:\lane f o r  dayl ight  and one 

f o r  n igh t  

f ) .  The warning l i g h t  s h a l l  be wi th in  30" of the normal i i n e  

of s i g h t ,  

7,  15 5.1 .4 .  DIGITAL DISPLAYS 

The following d i s p l i y s  are s-bolic-mechanzcal i n d i c a t c s s  c f  the  

d i r e c t  reading type: 

a)  Distance t r ave led  ind ica to r  

b )  T ime  i n d i c a t o r  

The dis tance-  t r ave led  i n d i c a t o r  s h a l l  d i s p l a y  the t o t a l  mi les  and 

t e n t h s  of m i l e s  t r l v e l e d .  

The t i m e  i n d i c a t o r  s h a l l  d i s p l a y  the time of day i n  hours,  minutes, 

and seconds on a 24 hour clock basis .  It s h a l l  a l s o  i n d i c a t e  the 

t o t a l  e lapsed t i m e  i n  24-hour days, hours, and minutes. 

5 ,7 ,19  The following a d d i t i o n a l  c r i t e r i a  s h a l l  apply t o  these i n d i c a t o r s :  

a )  The numbers w i l l  change by snap a c t i o n  

b )  A manually operated r o t a r y  knob s e t t i n g  con t ro l  s h a l l  have 

a r a t i o  of  36' t o  45" con t ro l  knob r o t a t i o n  f o r  O ~ E  d i g i t  

counter  movement. Clockwise movement s h a l l  i nc rease  the 

ind ica t ion .  

c)  The i l l umina t ion  and view d i s t ance  w i l l  determine the number 

s i z e  and space. L e g i b i l i t y  must  be a v a i l a b l e  at r?;iiiii.un 

normal condi t ions of i l luminat ion.  
25 



21 5.1.5 STEERING ANGLE INDICATOR 

This mechanical i n d i c a t o r  w i l l  d i s p l a y  the  a c t u a l  angle  t h a t  each 

wheel has turned compared t o  the angle  i t  should have turned. 

The s c a l e  range i s  from f u l l  l e f t  t u r n  (number of degrees)  t o  

s t r a i g h t  ahead ( ze ro  degrees) t o  f u l l  r i g h t  t u r n  ( number of degrees) .  

During a turn of the veh ic l e  with the Ackermann type s t e e r i n g ,  

the wheel i n s i d e  the t u r n  has a g r e a t e r  angle  than the wheel on 

the  ou t s ide  of the turn.  Therefore,  the angle  t h a t  a wheel t u r n s  

f o r  any s p e c i f i c  veh ic l e  t u rn  r a d i u s j i s  a v a r i a b l e ,  depending 

upon whether the tu rn  i s  t o  the r i g h t  o r  t o  the l e f t .  

One concept of an i n d i c a t o r  t h a t  would d i s p l a y  the r equ i r ed  value 

is t h a t  of a f ixed  c i r c u l a r  s c a l e  type i i t h  a moving p o i n t e r  f o r  

each wheel. Two s c a l e s ,  one f o r  a r i g h t  t u r n  and one f o r  a l e f t  

t u r n ,  which can be read from the same p o i n t e r , a t e  provided. 

The n u l l  o r  zero degree p o s i t i o n  w i l l  be a t  the twelve o ' c lock  

p o s i t i o n  f o r  t he  f r o n t  wheels. For the r e a r  wheels, an i d e n t i c a l  

d i s p l a y  would be inverted.  (See concept i n  Figure 2 . )  

A l l  t he  c r i t e r i a  of a f ixed  c i r c u l a r  scale with moving p o i n t e r s  

a p p l i e s  . 
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'5.2 HAND c-3 . .  

The control manipulability, as well as the glove tenacity, snugness, 

and suppleness of the gloved hand of a 5 to 95 percentile astronaut 

wearing a pressuriqed Apollo, space suit, are con'sidered b-thsl- 

spacing and design 'of the hand ciontrals. 

Listed below are the hand controls-required, tbeir Type, *e 

number required, the number of positions, and the general criteria 

for each. 9 

5.2.1 TOGGLE SWITCHES 

11,19 The following general criteria applies to toggle type switches: 

Lever tip width or diameter: 

Minimum 1/8 inch 

Maxlmum 1 inch 

Lever-arm length: 

Minimum 

Maximm 

Displacement: 

Minimum 

Maximum 

Resistance: 

Minimum 

Maximum 

112 inch 

2 inches 

40 degrees 

120 degrees 

10 ounces 

40 ounces 



e) Number of positions: 

Minimum 2 

Maximum 3 

Toggle switches should not be spaced any closer than one inch 

between centers. The physical characteristics of the toggle 

switches such as length of arm, angle traveled between the two 

positions, dimensions of arm, surface roughness at tip of arm, and 

tangential force at arm tip required to operate the switch may 

be determined after the space allowed for switches on the panel 

and the control manipulability characteristics of the astronaut!s 

gloved hand are known. 

11 

The frequency of inadvertant operation of toggle switches can 

be minimized by using switches of smaller dimensions and larger 

resistance to operation as spacing decreases. 
11 

5.2.1.1 Individual Wheel Power Control Switches - Criteria 

a) One for each wheel ( Total of four) 

b) Toggle- type switch 

c )  Two positions each: power on and power off 

d)  Actuation direction to be vertical 

e )  "Up" position to be the power on 

11 



~~ ~~ 

5.2.1.2 Drive Motor Se lec to r  - Criter ia  

a )  Two s e l e c t o r s  required 

b) Toggle type switch 

c) Two p o s i t i o n s  each: power on and power off 

d)  Actuation d i r e c t i o n  to be cr i t ical  

e )  "Up" p o s i t i o n  t o  be power on 

11 

5.2.1.3 F e e l  Alignment Control Se lec to r  Switch - C r i t e r i a  

a)  One switch r equ i r ed  

b)  Toggle type switch 

c) Two p o s i t i o n s :  f r o n t  and rear 

5.2.2 ROTARY SWITCHES l9 

5.2.2.1 Vernier Power Control - Criter ia  

a )  Four shape-coded switches r equ i r ed ,  one for each wheel 

b)  Non-incrementa1 con t ro l  

c) Fixed scale with moving p o i n t e r  

d )  

e )  

f )  Width or  diameter: 

S t eps  a t  beginning and end of t he  range 

P o i n t e r  t o  be a bar-type knob with a tapered end 

---- Min b u m  

Maximum 1 inch 
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Depth: 

Minimum 

Maximum 

Length: 

Minimum 

Maximum 

Displacement: 

Minimum 

Maximum 

Res i s  tance: 

Minimum 

Maximum 

1 / 2  inch 

3 inches 

1 inch 

---- 

15 - 30 degrees 

40 degrees 

12 ounces 

48 ounces 

19 5.2.2.2 Wheel Alignment ControE.2- C r i t e r i a  

Two-shape-coded switches required,  one f o r  each wheel 

Non-incremental con t ro l  

No s c a l e  ( s c a l e  and p o i n t e r  a r e  on s t e e r i n g  angle  i n d i c a t o r )  

Stops a t  beginning and end of range 

Knob ty$e switch 

Less than one f u l l  t u r n  from s top  t o  s top  

Minimum of 1 1 /4  inches between edges 

Diameter: 

Minimum 1 /4  inch 

Maximum 4 inches 
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i) Depth : 

Minim- 

Maximum 

j) Resis tance : 

Minimum 

MaXimMl 

112 inch 

1 inch 

--- 
4 1 / 2  ounces (knobs up t o  1 inch i n  diameter) 

6 ounces (. knobs l a r g e r  than 1 inch i n  diameter) 

13,19 5 .2 .2 .3  Emergency Stop Control - Criter ia  

One pushbutton switch required 

Color coded - r ed  

Push-on, push-off 

B u i l t - i n  e las t ic  r e s i s t o r ,  s t a r t i n g  low and bu i ld ing  up 

r a p i d l y  with a sudden drop t o  i n d i c a t e  t h a t  c o n t r o l  has 

been ac tua ted  

Minimized displacement required to  activate 

Top of pushbutton t o  be concave to f i t  f i n g e r  o r  t o  have 

very rough su r face  

Diameter : 

Minimum 3 / 4  inch 

Maximum -L- 

D i  sp lacemen t : 

Minimum 1/8 inch 

Maximum 1 1 / 2  inches 



i) Resistance : 

Minimum 10 ounces 

Maximum 40 ounces 

5 . 2 . 2 . 4  Multi-Functional Locomotion Control Lever - Criteria 

The configuration and dimensions of this control are determined 

in accordance with Section 5.2 .  See conceptual design, Figure 1. 

One control lever is required; it is a side-stick type which 

foatrols pbwercjibrelsing, yteering,;aad fore and aft direction. 598 

8,19 S j 2 . 2 . k . d  S ide  Stick, General Criteria 

8Sde Atickidasigned for right-handed, fore and aft 

rriovement 

Maximum forward power achieved by placing control in full 

forward position; maximum p6wey in reverse direction achieved 

by placing control in full aft position 

Stick is spring-loaded to retain a position 

Minimum resistance - 2 pounds 

Maximum resistance - adjustable 
Range of movement to be determined according to Section 5 . 2  

and arm rest design 

Lag in the control system must,be kept to the very minimum 
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5 . 2 . 2 . 4 . 2  Upper Part of Stick(Steering) 

Top section of the stick will be pivoted to allow transverse 

movement 

Stick is spring-loaded for built-in resistance 

Maximum angles of left and right movement and maximum torque 

limited by comfortable operation level of astronaut. (To 

be determined) 

Minimum control resistance - a level which will prevent in- 
advertant actuation. 

5,18 5 . 2 . 2 . 4 . 3  Side-Stick Detent 

a) Incremental power control 

Forward - 10 increments 
Reverse - 3 increments 

b) Detent to allow two parallel vertical planes of movement. 

The plane closest to the operator to be for the selection of 

forward direction and speed control. A neutral position will 

allow plane change so that reverse motion can be selected. 

Detent will have a "stopt1 to prevent inadvertant selection 

of reverse directian. The reverse direction and speed can 

be selected in the plane fartherest away (outboard) from the 

opera tor. 
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c )  The detent posit ions of  forward, neutral ,  and reverse w i l l  be 

labeled. 

d) Each increment of  the power range i n  forward and reverse 

w i l l  be labeled. 
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6 .0  LOCOMOTION CONTROL PANEL 

Section 6.1 lists the parameters and appropriate controls and 

displays for a M O W  locomotion system. Also, to properly relatt 

the parameter displays and controls with their respective subsystems, 

the following criteria is established: 

a) Relative significance of each parameter: critical, rovtine, 

22 

or least critical 

b) Relative frequency with which each parameter would be 

monitored or controlled: high, medium, ay low 

c )  Parameter priorities: primary, secondary, or emergency 
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6.1 PARAMETER PRIORITIES 

Parameter 

Drive and Braking 

Multifunction Con,rrol Lever 
Emergency Stop Control 
Vernier Pover Adjustment 
Individual Wheel Power Control 
Drive Mode Selector 
Wheel Revolution Indicator 
Wheel Drive Motor Temperature Indicator 
Wheel Drive Motor Amperage Indicator 
Drive Motor Warning System 

Steering 

Steering Angle Indicator 
Steering Motor Warning System 
Wheel Alignment Control 

Time and Distance Measurement 

Distance Traveled Indicator 
Range Warning System 
Time Indicator 

36 

Significance 

Critical 
Critical 
Routine 
Least Crit. 
Routine 
Critical 
Critical 
Cr i t ica 1 
Routine 

Critical 
Routine 
Critical 

Routine 
Least Crit. 
Least Cri t . 

Frequency of 
beration or Monitor 

High 
Low 
Medium 
Low 
Medium 
High 
High 
High 
Low 

Medium 
Low 
Medium 

riority 

Primary 
Emergency 
Secondary 
Secondary 
Secondary 
Primary 
Primary 
Primary 
Emergency 

Primary 
Emergency 
Secondary 

Secondary 
Emergency 1 

I 

Secondary 



6 . 2  GENERAL CRITERIA 

The anthropometric work-place dimensions and the visual requirements 

of a 5 to 95 percentile astronaut wearing a pressurized Apollo 

space suit must be used as constraints during panel layout. 

1,16,19 The following criteria applies to general panel layout: 

a) Viewing angle - perpendicular to the face of the visual 
display. 

b) Viewing distance - optimum 28 inches 
c) Distance between visual displays to be minimized; horizontal 

separations to be greater than vertical separation 

The visual displays of identical parameters are arrayed horzontally 

All displays and control devices for a wheel drive motor 

location are arrayed vertically 

The emergency stop control to be located near the multi- 

functional control lever to minhize actuation time 

The multi-functional control lever to he located on the operator's 

right for right-handed operation 

d) 

e) 

f )  

g) 
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